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In a preceding paper by Shope and Lewis (1) account is given of a 
transmissible paralytic condition arising in tuberculous guinea pigs. 
It was believed possible that it had resulted from secondary infection 
with some neurotropie "virus."  The methods of study adopted were 
designed primarily to  establish  or  discredit this  conception.  The 
departures from the conventional technique so long rigidly adhered to 
by students of the tuberculosis problem have given rise to unexpected 
and significant results, one aspect of which it is the purpose of this 
paper to develop. 
OBSERVATIONAL 
The culture of the tubercle bacillus with which  we are here concerned (Desig- 
nated P. J.) was isolated in the summer of 1927 from the sputum of a colored adult 
male with chronic pulmonary tuberculosis, in the tuberculosis wards of the Phila- 
delphia General Hospital,  Philadelphia,  Pa.  The sputum showed many acid-fast 
bacilli when stained  by Gabbet's method.  Some  of it about 24 hours old was 
injected subcutaneously into a number of guinea pigs, and these developed general- 
ized  tuberculosis  in the  typical  manner.  Four to  six  weeks  after  inoculation 
cultures  were made on Dorset's egg medium from the spleens of several of these 
animals.  No  contaminations  were  encountered.  The  cultures  developed  rap- 
idly and vigorously for the most part.  After six weeks growth  a representative 
tube  was  selected  and  transfers  were  made  to  Dorset's  egg  medium.  After 
another eight weeks the second series of tubes were used for the inoculation of the 
large  series of guinea  pigs  referred  to  in  a  preceding  paper  (1).  The  disease 
developed characteristically  in them, except for the unusual occurrence of paralysis 
in some of the animals.  The general virulence of the culture as estimated  by the 
average length of life of the large series of animals was neither especially high nor 
low. 
The culture P. J. has been maintained  by rather infrequent transfers on Dorset's 
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egg medium and presents typical appearances thereon.  The  culture is add-fast 
except that  after decolorization by 30 per cent nitric acid followed by alcohol, 
counterstaining with Loeffler's methylene showed a few blue staining rods.  It has 
not up  to now been completely tested in all respects but there seems to be no 
reason to question the fact that the strain is a tubercle bacillus of human type, 
When cases of paralysis appeared among the guinea pigs inoculated with the 
culture a  successful effort was made to transfer the paralytic condition to other 
guinea pigs by direct intracerebral inoculation with brain emulsion from a case of 
the disease.  This series of inoculations, from guinea pig to guinea pig by the 
intracerebral  route,  has  been  continued up  to  the  present  time.  In  the  first 
emulsions made of brain and cord tubercle bacilli were easily demonstrated by 
the Gabbet method.  But in the material similarly prepared from later passages 
this was no longer possible.  Many of these examinations were casual but some 
were prolonged and  thorough.  Paraffin sections stained by the usual methods 
showed a great abundance of acid-fast bacilli  in the thickened pin mater but none 
elsewhere. 
Cultures of brain emulsions were made on various media and on Dorset's egg 
medium a  typical growth of tubercle bacilli could usually be obtained.  Those 
cultures of interest to the present discussion were made on a  medium that is a 
variant of the one recommended by Noguchi for the cultivation of Leptospira. 
Ordinary nutrient dextrose agar was diluted 1 +  8 with distilled water, the diluted 
agar was boiled, cooled to 50°C., and 10 per cent of sterile guinea pig serum was 
added.  Thorough  mixture  was  effected at  this  temperature  and  the  medium 
tubed in long narrow culture tubes (200  x  13 mm.).  Portions of various of the 
emulsions of the nervous tissues were planted in these tubes, using a long capillary 
pipette in such a way as to form a thin streak from the bottom of the tube to the 
top along one side near the glass, with a  small extra deposit on the upper surface 
of the  semisolid medium.  These plants were incubated at 37.5°C.  in a  moist 
thermostat for several months. 
Certain of these tubes showed rapid growth of  bacteria  no two strains of which 
were  alike and  these  were  soon  discarded.  The  others  gradually showed  the 
development of a faint cloud in the upper 10 ram. of the medium.  This eventually 
became coarsely granular.  It could be  transferred to other  tubes of the same 
medium and developed the same appearance.  Exceptional tubes showed a  faint 
haze toward the bottom with a clear intermediate zone. 
When  coverslip or slide preparations of  the  growth  were  fixed with  methyl 
alcohol and  stained with Loeitter's methylene blue,  using heat  to  the point of 
steaming, and the staining process was continued for 3 to 5 minutes, rather definite, 
faintly staining, thin, small bacilli were found in increasing numbers as growth 
progressed.  Stained by (}ram's method in the usual way, employing Stirling's 
gentian violet, the bacilli were always Gram negative.  The counterstains demon- 
strated them but faintly and it was frequently necessary to restain the preparation 
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bacilli in the preparation.  Such cultures were recovered from nine different guinea 
pigs,--all that were so cultured. 
As  stated  in  the  preceding  paper,  the  paralytic  syndrome  was 
readily reproduced by the intracerebral injection of these cultures in 
several instances.  When culture material was introduced subcutane- 
ously  local  lesions  and  lesions  of  the  adjacent  lymph  nodes  were 
produced,  and  autopsy  of these  animals  two  months  later  revealed 
the presence of lesions typical of guinea pig tuberculosis.  This made 
it appear likely that the organism grown in Noguchi medium was  a 
tubercle bacillus.  Otherwise it was necessary to postulate the presence 
of a  microiSrganism capable of inducing a  disease simulating tubercu- 
losis very closely.  This question was now taken up directly. 
VChen  the  cultures  in  the  semisolid  medium  were  restudied  the 
following facts were made clear: 
The bacilli  however fixed and no matter how long and intensely stained with 
carbolfuchsin  were  always decolorized  by 30  per  cent  nitric  acid  followed  by 
alcohol, or by 3 per cent hydrochloric acid in 70 per cent alcohol;  though it was 
indeed possible to make the staining so persistent that the background of culture 
material also retained a muddy red color after the application of acid,  and then 
sometimes bacilli of the same dubious color could be made out with difficulty. 
The typical bright red of the Ziehl-Neelsen stain was never seen. 
If the preparations were fixed with heat and stained by Gabbet's method a 
considerable  number of bacilli retained the stain.  If stained by Gabbet's method 
after fixation with methyl alcohol  usually none of the bacilli retained the fuchsin 
stain but sometimes a few did.  A few blue-staining bacilli  were also usually seen. 
If the heat fixed or methyl-alcohol-fixed  Gabber stained preparations were further 
stained with Loeflter's methylene blue many blue stained bacilli were found.  If 
the preparations were fixed in 4 per cent formaldehyde for 3 hours or more the 
number of bacilli  retaining the fuchsin stain after Gabbet's methylene blue  was 
often, but not always, greater than when fixation was by either heat or methyl 
alcohol. 
T~king the matter from a slightly different standpoint: if the heat fixed prepa- 
rations were stained with  carboifuchsin  in the usual manner and decolorized  by 
acid and alcohol separately it was found that 30 per cent nitric acid and 20 per 
cent  sulfuric  acid  decolorized  many but  not  all  of  the  bacilli.  The  slightest 
application of alcohol, however, after these  strengths of mineral acid removed all 
the stain.  Even though much weaker mineral acids were used--5 per cent sulfuric, 
3 per cent of either nitric or hydrochloric--alcohol later removed aU the stain. 
If Gram stain was employed according to the general plan of the Much method, 
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this method is that the gentian violet is phenolized (2 per cent) and the stain when 
•  applied is heated.  The iodin treatment  is also prolonged and decolorizafion is 
done with equal parts of acetone and absolute alcohol.  Under these conditions 
all of the bacilli retain  the Gram stain.  Every effort to show that some  were 
Gram positive, others Ziehl-Neelsen positive has failed. 
DISCUSSION 
The  preceding  observations  present  two  points  of  considerable 
interest  with  regard  to  the  tuberculosis problem.  The  first  relates 
to the identity of the culture and the criteria on the basis of which any 
micro6rganism  is to  be identified  as  a  true  tubercle  bacillus.  The 
second relates  to the  conditions of growth of the bacillus and  their 
effect on its staining reactions. 
The methods for identifying the tubercle bacillus as they now stand 
have been developed primarily in the interests of microscopic, clinical 
diagnosis.  It has become a dogma in America (2) that if a bacterium 
will not, after staining with carbolfuchsin, withstand decolorization by 
30 per cent nitric acid followed by alcohol it is not a tubercle bacillus. 
Heat fixation is always recommended for smear preparations but noth- 
ing is said as to the availability of other fixing methods.  It is to be 
assumed however, since alcohol, formaldehyde, or chromium fixatives 
are more or less indiscriminately used for tissue work, that these are 
to  be considered  adequate  for the demonstration  of tubercle bacilli 
in smear preparations as well. 
In Germany a  similar dogmatic attitude is taken with reference to 
the critical value of 3 per cent hydrochloric acid in 70 per cent alcohol 
(acid  alcohol)  (3).  To  qualify  as  a  tubercle  bacillus  a  bacterium 
must  resist  decolorization  by this  agency.  Our  culture  meets  the 
classical requirements to the extent that it produces disease in animals 
of characteristic sort, that the bacilli in the fixed tissues resist decolori- 
zation,  and  the  cultures on  Dorset's  egg  medium  present  typical 
characteristics. 
All this being true, it is astonishing to find that the smear prepara- 
tions of the bacteria from the nervous system of the animals we have 
studied,  when fixed in methyl alcohol,  resist  decolorization  so little 
that  their  presence can  pass unrecognized  even though  the  weaker 
Gabbet method  is  employed for their  demonstration,  and  that  the 
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with the classical requirements.  We are concerned with a bacterium 
which is moderately acid-fast, not alcohol-fast at all,  and in which 
the particular method of fixation influences the result in ways not 
previously recognized.  We  are  led  by  these  observations  to  the 
conclusion that Much (4), and those who have followed him, are right 
in their contention that the tubercle bacillus may at times be positive 
to Gram stain and demonstrable by means of it, yet negative to the 
Ziehl-Neelsen  method  rigidly  applied.*  The  weakness  of  Much's 
contention has in large measure been that the conditions under which 
such forms appear have never been accurately defined.  Our observa- 
tions when pushed further may supply this deficiency. 
That the tubercle bacillus should be readily and easily grown in the 
semisolid medium of Noguchi is somewhat surprising, certainlyinter- 
esting, and possibly useful.  If other cultures, and cultures from other 
organs behave like the present one, the method would be the simplest 
and most certain way to recover the organism from the infected animal. 
Whether the virulence or other qualities of the microSrganism are 
affected has yet to be determined.  The medium contains no glycerine 
and hence differs from the other media recommended for the cultiva- 
tion of the tubercle bacillus, with the exception of the coagulated egg 
of Dorset or its modifications from which the glycerine is sometimes 
omitted. 
CONCLUSIONS 
When a strain of human tuberculosis was carried from guinea pig to 
guinea pig by intracerebral inoculation the bacillus of  tuberculosis 
could be readily recovered in the semisolid "Leptospira" medium of 
Noguchi simply modified by the substitution of guinea pig for rabbit 
serum.  Whether even this modification is  required remains to  be 
determined. 
The tubercle bacillus in these cultures and possibly in the nervous 
tissue as well differed from the classical type in that it was less acid-fast 
and quite lacking in alcohol fastness.  However, it retained the Gram 
* These observations have no bearing whatever on the further contention of 
the same school that there is a non-bacillary or granular form of the tubercle 
bacillus.  Thus far, the bacillary form only has appeared in our animals and 
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stain as modified by Much.  Staining reactions, as this culture of the 
tubercle bacillus shows, are not absolute qualities but are variable with 
conditions, a  consideration which it may be important to recognize. 
Efforts  to  define  these  conditions  more  precisely are  likely to  be 
productive. 
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